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Abstract 
One way to examine a relationship between science and science fiction is to look at the works of individuals who 
simultaneously were practicing scientists and authors of science fiction.  Dr. Robert L. Forward is such an individual.  
From 1980 through 1997 he wrote and published about twelve science fiction novels.  During the same time interval, 
he produced many scientific and technical papers. Writing science fiction was essentially a byproduct of his scientific 
research.  His early research concerned gravitation and astronomical objects.  Later he studied space transportation 
technologies, including photon propelled sails, antimatter rockets and long tethers.  An immediate observation is that 
Dr. Forward, in his science fiction, took particular care that the circumstances and technologies used had reasonable 
scientific bases.  A prime example is his use of antimatter propulsion in his fiction.  In his scientific career, Dr. 
Forward was a leading proponent that antimatter propulsion was possible, but very expensive.  Enormous sails 
propelled in space by astronomical photons or laser beams is another propulsion technology employed in his novels.  
If a distinction is made between fiction based on sound scientific principles and fiction that is pure fantasy, the works 
of Robert Forward clearly fall in the first grouping.   
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1. Science in Science Fiction 
     Science fiction is primarily intended to entertain the reader.  Another feature of science fiction is a 
story line, which distinguishes it from, say, a book of jokes, which could be entertaining.  However, some 
authors achieve a secondary function when they educate their readers about real science.  Science fiction 
also can be predictive when it employs circumstances and technologies that can be expected in the future 
with reasonable advances in scientific knowledge. Particularly for young readers, science fiction can 
capture imaginations and inspire lasting interests in science.  Science fiction that educates, predicts or 
inspires can still be entertaining and hence achieve its primary purpose.  It seems natural to suggest that 
engaging science fiction that demonstrates one or more of these secondary functions is a superior work 
     One insightful way to examine the relationship between science and science fiction is to look at the 
works of individuals who simultaneously were practicing scientists and authors of science fiction.  Dr. 
Robert Lull Forward is a representative example of such an individual.  From 1980 through 1997 he 
wrote or coauthored and published about a dozen science fiction novels, Table 1.  He also published a few 
books just on science for the general reader.  Two of his purely science books, Future Magic, 1988, and 
Indistinguishable From Magic, 1995, were reviewed by Robertson and Nordley who analyzed 
Forward’s insight for emerging technologies and future concepts [1].  Further, Forward published at least 
one book that is half pure science and half fiction. Additionally, some of his science fiction books were 
republished in revised and combined editions.  Thus Table 1 is a somewhat simplified list from a more 
complicated publishing record.   
Table 1. The Science Fiction by Robert L. Forward 
Title                                            Publisher                     Coauthor  Date 
Dragon’s Egg    Balentine/Del Rey    1980
Flight of the Dragonfly  Timescape Books     1984
Star Quake   Balentine/Del Rey                                        1985 
Mirror Matter, Pioneering Antimater Physics  Joel Davis  1988 
John Wiley and Sons 
Rocheworld (expanded version of Dragonfly)     1990 
Baen Books     
Martian Rainbow  Balentine/Del Rey    1991 
Timemaster   Tor Books   1992 
Marooned on Eden  Baen Books  Martha Dodson Forward 1993 
Camelot 30 K   Tor Books     1993 
Return to Rocheworld  Baen Books  Julie Forward Fuller 1993 
Ocean under the Ice  Baen Books  Martha Dodson Forward 1994 
Rescued from Paradice  Baen Books  Julie Forward Fuller 1995 
Saturn Rukh   Tor Books     1997 
    During the same time interval from 1980 through 1997, Forward produced many scientific and 
technical papers. His career had begun much earlier as a scientist.  He completed a BS in physics in 1954 
at the University of Maryland, an MS in applied physics in 1958 from UCLA and a PhD in gravitational 
physics in 1965 from the University of Maryland [2].  Writing science fiction evolved essentially as a 
byproduct of his scientific research.  His early research concerned gravitation and astronomical objects 
such as neutron stars and black holes.  Later he studied space transportation technologies, including 
photon propelled sails, antimatter rockets and long tethers.  Incidentally, gravitation and space 
transportation topics are principal subjects elsewhere in this Forum.  
2. Education by Science Fiction 
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     The novels by Robert Forward do indeed educate an attentive reader.  He frequently and carefully 
explains the scientific basis of events and physical systems as they arise in his story line.  He avoids 
invoking actions that obviously violate fundamental scientific principles.  That he had education in mind 
as he wrote is verified by an opening sentence from his “A Walk Through My Novels” [3].  He says 
“What I would like to do … is to take you through each novel quickly and point out the important things I 
think these novels teach.” 
      In his book Mirror Matter, Pioneering Antimatter Physics, he adopted an unusual format that high 
lights an educational objective.  Chapters with Arabic and with Roman numerals are interspersed. The 
Arabic numbered chapters are straight-forward expositions of science while the Roman numbered 
chapters constitute a novel that involves the science presented.  Thus the first Arabic chapter, with the 
title, ”From Matter to Mirror Image Science and History”, discusses what its title implies.  Chapter 3 is 
even more pertinent to this Forum because it reviews the use of antimatter in science fiction by various 
authors.  It could fit as a paper in this session.  Chapters 6 and 7 present, respectively, antiproton 
technology and how to make mirror matter.  The interspersed, Roman numbered chapters tell the tale of a 
family taking a vacation trip from Earth to Mars with stops at a station at L-4 and at the Moon.  The 
scientific discussions make all of the features of the vacation trip to Mars entirely plausible.   
      In his scientific papers, Dr. Forward championed the technology necessary to use antiproton 
propellant for rocket engines [4].  At the time, he was certainly a world authority, if not the world 
authority on this topic. On the basis of the technology he discussed, he concluded that antimatter rockets 
are entirely feasible, but very expensive and time consuming to develop.  Thus he did not hesitate to use 
them in his science fiction. 
       The books, Flight of the Dragonfly, Rocheworld, Return to Rocheworld, Ocean under the Ice, 
Marooned on Eden and Rescued from Paradise are a series that involve reprints, revisions, extensions 
and sequels to the basic story of a forty-plus year expedition to a planetary system around Barnard’s Star.  
The trip from the solar system to the Barnard system is realistic in that it was planned and executed as a 
one-way, no-return expedition.  All the crew members had to agree to this plan.  Forward describes a 
planetary scale laser system near Mercury that propels a spacecraft with a very large area sail towards 
Barnard’s Star reaching some 20% of the speed of light.  He finds a plausible way to use the same laser 
beam to decelerate the spacecraft as it approaches its destination. 
     To educate the readers of these Rocheworld books, Forward uses another scheme.  He ends each 
book, except the last, with an ‘Expedition Report’ to the U. S. Congress or to the scientific world.  Of 
course the reports reach the Earth some six years after they were radioed.  These comprehensive reports 
give technical details of the space systems involved in executing the mission. 
      Dragon’s Egg and Star Quake are a two book series about travel to a neutron star and interaction 
with intelligent life discovered on it. In Dragon’s Egg, to educate, Forward adds a “Technical Appendix” 
quoting from a 2064 edition of a science encyclopedia.  In Star Quake, he adds a “Technical Appendix”, 
quoting from a reference published in 2053.  Of course, no such references yet exists, and the appendices 
are the work of Forward.   
      Of Forward’s science fiction books, Timemaster is set farthest into the future in needed technology 
development.  The book ends in an era when interstellar transportation and settlements are treated as 
routine matters.  As an educational tool to justify such operations as eventually plausible, Forward cites in 
particular a multi-authored paper, “Cauchy Problem in Spacetime with Closed Timelike Curves” [5].  In 
the Acknowledgements at the front of the book, he challenges persons complaining about the 
impossibility of time-machines to cite a refereed publication that proves that reference [5] is erroneous.  
      To augment the scientific explanations of phenomena based on the general theory of relativity in the 
story text of Timemaster, Forward appends a “Final Report to the Reinhold Astroengineering Company 
Board of Directors”.  This report gives a succinct review of the technology developed by the Company to 
accomplish its remarkable objectives.  Forward does, however, have to invent intelligent organisms that 
live in wormholes that connect events widely separated in spacetime.      
112   Charles A. Lundquist /  Physics Procedia  38 ( 2012 )  109 – 115 
     These and similar methods of introducing sound scientific discussions into science fiction verify the 
assertion by Forward that he intended his novels to educate as well as entertain [3]. 
      In his exposition of scientific subjects he identifies as topics to be taught in his fiction, Forward does 
not mention harnessing the vacuum as a source of energy.  This is curious because in 1984 he published 
an article, “Extracting energy from the vacuum by cohesion of charged foliated conductors” [6].  He 
asserts that this proves that this process is possible.  Perhaps he felt that nuclear power sources were more 
practical and hence more plausible.  
      Much later, in 1995, he returns to this subject in a technical report [7]. Always a teacher, within the 
report he offers “An Introductory Tutorial on the Quantum Mechanical Zero Temperature 
Electromagnetic Fluctuations of the Vacuum”.  In the abstract to the report he notes “Many researchers 
see the vacuum as a central ingredient of 21st-Century physics.  Some even believe the vacuum may be 
harnessed to provide a limitless supply of energy.”  Forward says he stopped writing science fiction in 
1995. Perhaps the growing interest in the energy in the vacuum occurred too late to make it into one of his 
novels.  
3. Prediction by Science Fiction 
      Subtly, by the circumstances and happenings that Forward invokes in his fiction, he anticipates some 
characteristics of a future, Earth-dominated, civilization.  For example, he sometimes describes 
bureaucratic situations.  Thus Forward does not feel that the passage of time and scientific progress will 
eliminate or ameliorate bureaucracy in governments.  An example of his insight into governments in the 
future is found in Saturn Rukh, where an official explains why an expedition deep into the atmosphere 
of Saturn is being executed by a quasi-commercial consortium:  “If any one of the national governments 
were officially in charge, then the very idea of designing a mission with any significant risk to the humans 
on the crew would not be acceptable.  In order to make the mission safe enough, the spacecraft would 
have to be made so heavy that it couldn’t even lower itself into Saturn, much less carry enough fuel to 
take off again.  By putting the burden - and any blame for failure - on a commercially led consortium, the 
spacecraft can be pared down in size so it can accomplish the mission.” 
      Forward’s novels occasionally involve human sex sub-story-lines.  He judges that interest in sex will 
continue into the future and he recognizes that sex is a time-proven way to capture reader interest. 
      Regrettably, but probably accurately, Forward predicts future armed conflicts between governing 
entities.  His book, Martian Rainbow, begins with a surprise attack by a United Nations Expeditionary 
Force on an unauthorized Russian colony on Mars.  Forward’s science fiction envisions new and 
increasingly effective armaments made possible by scientific advances.   
      Where Forward had the easiest opportunity to predict future technology is for human space 
transportation.  This is a discipline where he personally did much research [8].  He knew that for human 
travel, chemical rocket propulsion is adequate only for destinations nearest to Earth.  Timely and facile 
transportation to more distant destinations in the solar system requires something like antimatter 
propulsion or large photon driven sails 
      In Camelot 30K, Forward employs a third transportation technology that was the subject of intense 
research late in his life.  He envisions a tether related device he calls the “cable catapult” to transport 
payloads and ultimately humans to a large minor planet in the Kuiper Belt, beyond the eight planets.  In 
non-fiction terms, in a ‘Prologue’ to the body of the book, he describes the discovery of minor planets in 
the Kuiper Belt and the cable catapult.  The rest of the book contains fictional interactions between 
humans and intelligent creatures found on the minor planet. 
      A round trip out of the solar system to even a close star is a very challenging journey with plausible 
technology.  To envision a trip to a nearby star (six light years) Forward assumed in Flight of the 
Dragonfly a one-way mission and a laser-photon driven sail system of planetary dimensions.  He asserted 
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that during the many-year flight time, the travelers would be drugged so that their aging would be 
dramatically slowed.  The result of these assumptions was a plausible scenario. 
      For a human expedition to a neutron star, Forward imagined the star was fast moving as a result of the 
explosion that formed it.  He had the neutron star pass close to the solar system so that the propulsion 
requirements were reasonable.  Using such assumed situations, Forward was able to maintain plausible 
story lines. 
      The most far-reaching predictions implied in any of Forward’s books are probably found in 
Timemaster.  He depicts a future in which human colonization and exploitation of planets around nearby 
stars has been undertaken by a private company controlled by a very wealthy and ambitious individual.  
As of this writing, the beginnings of private sponsorship for spacefaring humans has occurred, indeed 
with support from wealthy sponsors. 
      When Timemaster was written, the existence of earth-like planets around other stars was a 
conjecture. Today, in 2012, many planets, some nearly earth-like, have been discovered. 
       The story line for Timemaster involves a conflict with animal-rights demonstrators.  Perhaps this 
feature was suggested to Forward by the demonstrators who opposed the launching of a radioactive 
isotope power supply on Cassini.  That ‘do-good’ demonstrators for various causes continue to be a 
feature of civilization is verified by the Time Magazine selection of ‘the demonstrator’ as the person of 
the year for 2011.  Forward predicts that this scenario will continue into the distant furure. 
      Where Forward, or any science fiction author, has the greatest problem is with depicting intelligent 
life elsewhere in the universe.  The safest prediction seems to be that the creatures will be quite unlike the 
humans on Earth.  The fictitious beings created by Forward are indeed very different from humans.  Yet 
he tried to have an element of scientific correctness.  For example, in his own words, he describes how he 
designed the ‘cheela’ that he put on the surface of a neutron star: [3]. 
     “If the star was made of neutrons, tiny creatures could live on it and have human qualities if they were 
constructed of the same number of neutrons as we have atoms.  I wanted them (the cheela) to be as smart 
as humans, but not super smart, so I assumed that their total number of atoms (neutrons) equalled the total 
number of atoms in our bodies, which would make them about the same intelligence.  This, combined 
with their density, gave them about the size of a sesame seed.”   
       For the extended series of books about exploration of the planets and moons in the Barnard system, 
Forward invented four intelligent life forms.  He describes one of these, the flouwens, as: “formless, 
eyeless, flowing blobs of jelly weighing tons, that were found by the humans swimming in the ocean on 
the Eau lobe of Rocheworld.”  That creatures living in a fluid environment might be discovered is a 
reasonable concept since life on Earth is assumed to have started in the oceans.  
     The most audacious intelligent creatures invented by Forward are the silverhairs in Timemaster.
They are made of negative matter and reside in conditions that bridge between events widely separated in 
space and time. 
4. Inspiration by Science Fiction 
      One way to inspire readers, particularly young readers, is to create admirable, heroic or flamboyant 
characters who achieve their status by scientific accomplishments and prowess.  Forward creates such 
characters.  General Jinjur Jones in Flight of the Dragonfly is a prime female example.  Rod Morgan and 
Chasitity Blaze in Saturn Rukh are surely flamboyant.  There are many other examples.  Virtually all of 
Forward’s characters seem to enjoy doing science, which is a good message for young readers.   
      Like most of Forward’s principal characters, Harold Randolph Hunter in Timemaster is a 
flamboyant, ambitious individual who would stimulate the aspirations for young readers.  Also the story 
line of  Timemaster follows the evolution of a remarkable family, again making the text attractive to a 
large audience.  Surely the prospect of ambitious citizens eventually participating in populating distant 
planets is a stimulating, if distant, proposition.  Perhaps Forward’s leading characters are like Forward 
himself.  He was indeed a flamboyant individual, Figure 1.   
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Figure 1, Robert L Forward at his desk. (UAH Archives) 
       Forward habitually wore colourful vests that he changed daily or sometimes more often.  The vests 
were made by his wife, Martha Dobson Forward, who was also a coauthor on two books, as was his 
daughter, Julie Forward Fuller.  Hence, not only do the Forward books often involve families, but the 
production of some of the books was also a family effort.  
      Youth interest is also captures by prospects of adventure.  The novels by Forward are built around 
adventures of a grand scale.  What could be a grander adventure than expeditions to planets around other 
stars.  In Mirror Matter, one of the key characters is a teenage boy.  Such character choices is another 
way Forward attracts young readers.   
       Particularly in the Rocheworld books, Forward involves small, but very intelligent, robots that aid 
the human characters in many ways.  Each person had his own robot “imp” to help him.  Whether 
Forward realized it or not, robots seem to appeal to young people.  This is demonstrated by the current 
contests between teams of students to build the most impressive robots. 
5. Final Thoughts 
      Any sweeping conclusions about science in science fiction cannot be based on the works of one 
author, nor are any such conclusions offered here.  Nevertheless, it seems that there can be a spectrum of 
authors.  The first end of the spectrum has those authors who take particular care to employ plausible 
science.  The second end has those authors who engage in pure fantasy, without regard to scientific 
principles.  Clearly there are authors whose works fall between the ends of the spectrum.  
       Robert L. Forward is a prime example for authors at the first end of the spectrum.  At best, the 
observations here about his work can only hope to illuminate the first end of the spectrum. Authors at that 
end of the spectrum have the opportunity to educate their readers about real science.  The same cannot be 
said about the other end of the spectrum.  Similarly, pure fantasy cannot be a likely predictor of things to 
come.  Finally, if youth, particularly, are to be excited about science, they can best be excited about real 
science,
     Authors at the second end of the spectrum can still succeed in being very entertaining.  They can 
demonstrate amazing flashes of imagination.  They also can exhibit beautiful use of words and phrases 
that warrant emulation by their reader.  Ultimately it is a choice by each author what he wants his works 
to accomplish, besides, typically selling and producing revenue.  In this regard it may be worth recalling 
the oft-quoted truism:  Truth is often stranger than fiction. 
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